Coffee cultivation has great socio-economic relevance in Brazil for the employment and income generation and there is currently a constant search for sustainable management techniques. Among them, we can mention the use of cover crops and soil bioactivators. However, studies relating the use of these two techniques are still incipient. Based on this, the objective of this research was to evaluate the effect of the Penergetic® bioactivator associated with different cover crops on chemical properties of soil and coffee productivity. The experiment was carried out in a coffee field with Catuaí Vermelho cultivar IAC 144, in a randomized block design in a factorial scheme 4 (soil cover) x 2 (use or not of the Penergetic® bioactivator), consisting of control (without plant cover); oats (Avena strigosa) + forage turnip (Raphanus sativus ); oats (Avena strigosa) + forage turnip (Raphanus sativus ) + lupine (Lupinus albus) + rye (Secale cereale) + vetch (Vicia sativa); Brachiaria brizantha (Urochloa brizantha), associated or not with the use of the Penergetic® bioactivator. The experiment was conducted for 6 months and after that period, the chemical properties of soil, the nutrient contents of the coffee plants, the development of the branches and the coffee productivity were analyzed. Data were analyzed by the Scott Knott test at 5% probability. It was verified the interaction between cover crops and the use of the Penergetic® bioactivator, positively influencing soil chemical characteristics, coffee nutrition and productivity.
INTRODUCTION
Most Brazilian soils present low natural fertility (SOUSA and LOBATO, 2004) , associated with high acidity and aluminum concentration, therefore requiring high doses of correctives and fertilizers to guarantee satisfactory production (CARVALHO et al., 2017) , however, there is an increase in costs once that fertilizers are mostly imported (RODRIGUES et al., 2015) . 1 Centro Superior de Ensino e Pesquisa de Machado/CESEP -Av. Dr. Athaide Pereira de Souza s/n -37.750 -000 -Machado -MG kleso.junior@yahoo.com.br 2, 3, 4, 5 Universidade José do Rosário Vellano /UNIFENAS -Rod 179 Km 0 -37. tiago.teruel@unifenas.br, jose.mantovani@unifenas.br, ligiane.florentino@unifenas.br Coffee stands out among the crops of great economic importance, and Brazil is the world's largest producer and exporter (SUPLICY, 2013) , with an estimated harvest of approximately 60 million bags in 2018 (CONAB, 2018) . Coffee is considered a highly nutrient-demanding crop, requiring adequate soil fertility management in order to achieve nutrient balance and high productivity. This culture is the one with the lowest nutrient utilization among large crops according to Stipp and Casarin (2012) .
MATERIAL AND METHODS
The experiment was carried out at Farm Boa Esperança, located in Serrania, South of Minas Gerais, in 2016, from May to December. The experimental area has the following geographical coordinates: Latitude: 21 ° 36'18.29 "S, Longitude: 46 ° 07'46.29 ° W and 982 m Altitude. The selected coffee farm, cultivated with Red Catuaí IAC 144, was planted in 2011, spacing 3.5 m between rows and 0.7 m between plants.
The experimental design was a randomized complete block design in a 4x2 factorial scheme, with 4 treatments containing or not cover plants, distributed as follows: control treatment, without cover plant, with traditional farm management (weed control by chemical and mechanical); treatment containing oats (Avena strigosa) + forage radish (Raphanus sativus L); (Lupinus albus) + rye (Secale cereale) + vetch (Vicia sativa) (ANTCE) and the treatment containing only brachiaria ( Brachiaria brizantha) as cover plant. All of these treatments were associated or not with Penergetic® soil bioactivator product. Four replicates per treatment were used, with a total of 32 experimental plots. Each plot of the experiment was constituted by 10 plants, being considered as a useful plot the six central plants for evaluation.
The planting densities of the cover plants were: brachiaria and forage turnip, 10 kg ha -1 , oats 40 kg ha -1 , lupine and rye 20 kg ha -1 and vetch 15 kg ha -1 . The bioactivator was used at a dose of 0.6 kg ha -1 , as recommended by the manufacturer. Before the installation of the experiment, samples of soils in the 0 -10 cm and 10 -20 cm layers were carried out to carry out the chemical analysis, according to table 1.
The cover plants were kept in the area from May to October, a time that was mowed, and kept on the coffee tree line. Two months later, soil samples were removed in the 0-10 cm and 10-20 cm layers to perform the fertility analysis.
In the same period, leaves were collected in the middle third of the plants, where the fourth pair of leaves were removed from both sides of the plant and, subsequently, the plants were sent to the laboratory for analysis of nutrient contents, according to Silva (2015) . The number of internodes of the plagiotropic branches was also evaluated. Six lateral branches were randomly selected at the height of the middle third in six plants of each plot. It was also evaluated the number of internodes developed in the period (ALFONSI, 2008) .
Cover crops are presented as an ecological practice and with lower costs for agricultural management, promoting balance in the physical, chemical and biological characteristics that compound the soil-plant system. Besides being an organic fertilizer alternative without great resources, they can be grown in the same environment where they will be produced for this purpose (SOUZA et al, 2008) . Several species are recommended for cultivation between the lines of coffee with this objective, as reported by Matos et al. (2008) .
In relation to soil fertility, the use of green fertilization contributes to the increase of organic matter and the effective (cation exchange capacity) CEC of the soil due to the availability of negative loads. Most of the green fertilizers are legumes, which establish symbiosis with rhizobia, reducing the cost with nitrogen fertilizers (SILVA, 2015) .
Another strategy that has been used with the proposal to reduce the need for chemical fertilizers are the soil bioactivators, which are constituted by organic substances, humic and fulvic acids, amino acids, algae extract and vitamins, which may or may not, being associated with micronutrients (CASTRO et al., 2007) . These products act in plant development by various mechanisms, such as ion transport and enzymes responsible for metabolism, which may influence the secondary metabolism, promoting the synthesis of precursors of important plant hormones and, consequently, contributing to plant nutrition (CASTRO et al. al., 2007) . Külen et al. (2011) state that they act in all stages of the development of cultivated plants, and can benefit different crops, such as soybeans, corn, wheat, and vegetables. These substances may also contribute to seed germination (O'BRIEN, FOWKES e BASSOM., 2010).
The Penergetic® bioactivator has been used in Brazil and, among its mechanisms of action, it is possible to highlight the greater soil microbiota balance, increasing the organic matter decomposition and the nutrient cycling, reducing the use of inputs, thus contributing for the sustainability of the agroecosystem (CALEGARI, 2013) . However, despite all the benefits of green manuring and bioactivators, studies involving the use of these two techniques are still incipient. Based on this, this research aims to evaluate the effect of the Penergetic® bioactivator associated with different cover crops on soil chemical characteristics and coffee productivity.
In order to evaluate the productivity, six plants of each plot were collected, measuring the drying and processing of the coffee. and later the classification and the granulometry to determine the percentages of sieve 16 coffee were performed according to Brazil (2003) .
The data were submitted to the Scott Knott test at 5% of probability, using the Sisvar computer program (FERREIRA, 2011) .
RESULTS AND DISCUSSION
For the results presented in the chemical analysis of the soil, performed in the 0-10 cm depth layer, all verified parameters, except for sulfur, presented significant interaction between soil cover and use of the Penergetic® bioactivator (Table 2) .
Regarding the pH values, it was verified that, with the use of the bioactivator, no alteration of soil pH occurred. However, without the use of bioactivator, the pH was modified, and the highest value was observed in the control treatment, and the lowest in the soil cultivated with oats + turnip + lupine + rye + vetch (ANTCE).
These results can be justified by the cultivation of green manure plants, which, although favoring the cycling of nutrients and the decomposition of the organic material by soil microorganisms, promote a reduction of pH at the beginning of the process (OLIVEIRA, 2005) . When the action of the bioactivator is observed within the treatments, it is noticed that in the control treatment and with brachiaria there were significant differences in some of the evaluated parameters. In the control treatment, in the absence of the bioactivator, the pH was higher and the CTC lower when compared to its presence. In the treatment with brachiaria, it was possible to observe that in the presence of the bioactivator, the pH was lower, but the contents of CTC and Organic Matter were higher when compared to the treatment where there was no use of the bioactivator. For the coverage plants ANTCE the bioactivator had a superior effect compared to the same plant without its use.
Regarding the values of organic matter, no statistical difference was observed in the different soil cover treatments in the presence of the bioactivator. In the absence of the bioactivator, the soil cultivated under brachiaria presented lower value. However, according to Bressan et al. (2013) , nutrient content and organic matter levels were higher in the areas covered by millet and brachiaria, and these plants were similar in relation to changes in soil chemical attributes. Analyzing the interaction between soil cover versus bioactivation, it was observed that the treatment of oat + turnip + lupine + rye + vetch (ANTCE) showed a lower value of organic matter in the presence of the bioactivator. According to Calegari (2013) , these results occur because of this product favoring the soil microbiota and, consequently, the decomposition of organic matter.
In addition, in this treatment, lupine and vetch may have contributed to reducing the C/N ratio, favoring the decomposition of organic matter justifying the lower values of this parameter. Cunha et al. (2011) , researching cover plants as: crotalaria (Crotalaria juncea), pigeonpea (Cajanus cajan (L.), (Mucuna aterrima), sorghum broom (Sorgum technicum) in fallow on the physical attributes of soil cultivated with organic beans and com under direct seedding and conventional preparation verified that although providing a good amount of biomass did not reflect the increase in the increase of the organic matter since this also depends on the quality of the residues, the C/N ratio, recalcitrant among other factors for its increase.
When observing the different types of soil cover without the bioactivator, the treatments oats + turnip and oats + turnip + lupine + rye + vetch (ANTCE) presented higher values of potential acidity. Tomé Júnior (1997 ( apud Paulett, 2012 confirms the trend of higher values of potential acidity (H + Al + 3 ) in soils with higher organic matter content, especially in more acidic soils.
Regarding the saturation of bases, when the bioactivator was used, only the oat + turnip treatment presented a lower result than the others. However, without the use of the bioactivator, the soils cultivated with the different cover plants were statistically inferior to the control treatment.
As for the effect of the bioactivator on the different cover plants, it was observed that the only treatment in which interaction occurred was oat + turnip + lupine + rye + vetch (ANTCE), and the bioactivator promoted a higher base saturation value. The same was observed by Callegari et al. (1993) , which states that cover plants provide increased base saturation promoting soil fertility improvement by reducing the oxidation rate of organic matter in the soil. For the soil analyzes collected in the 10-20 cm layer, the values of pH, organic matter, phosphorus, potassium, magnesium, and sulfur showed the interaction between soil cover versus the use of the bioactivator, as can be observed in table 3.
Regarding pH, in the presence of the bioactivator, the control treatment was the one with the lowest value. In the absence of the bioactivator, the soil cover with Brachiaria spp. promoted a lower pH value, a similar result for the 0-10 cm layer (Table 2 ). Analyzing the interaction between the soil cover versus the bioactivator, it was verified that the only treatment that showed influence was the control treatment, in which the use of the bioactivator reduced the pH of the soil, as observed for the 0-10 cm layer.
For the organic matter contents, the use of the bioactivator provided higher levels in the control and ANTCE treatments. In the absence of the bioactivator, the highest values were observed in the oat and turnip and ANTCE treatments.
In relation to phosphorus, with the use of the bioactivator, the highest value was for the soil covered with oats, turnip, lupine, rye and vetch (ANTCE). When the bioactivator was not used, the highest values in the phosphorus contents were for the control and oat and turnip treatments. Analyzing the interaction between soil cover versus bioactivator, it was observed that the bioactivator® worked positively, increasing phosphorus levels, in the treatments containing ANTCE and Brachiaria. According to Tirloni et al. (2009) , bioactivators reduce phosphorus adsorption sites, increasing their availability in the soil for plants. Potassium showed a statistically significant difference between the treatments, if it was superior to the coverings oats + turnip and the control treatment, however, in relation to the bioactivator, the control treatment was statistically superior when compared to the use of the bioactivator.
Magnesium in the ANTCE treatment with the use of the bioactivator was shown to be statistically superior, showing effect both in the coverage plant and in the use associated to the bioactivator.
For the phosphorus, the bioativador the highest levels were found in the treatments with Oat + turnip and in the consortium Oat + turnip + lupine + rye + vetch. When comparing the results of the treatments with and without bioactivator, it was observed that the product provided higher phosphorus contents in the Brachiaria and Oat + turnip + + rye + vetch plots, corroborating with Foloni et al. (2008) that Brachiaria presents high capacity in the recycling of P. Pavinato and Rosolem (2008) , on the other hand, they showed the possibility of solubilization of phosphorus of the soil, in less labile forms, in the presence of plant residues, which may have occurred in the plots of the consortium between Oat + turnip + lupine + rye + vetch and in the treatment with Brachiaria.
The values of calcium, base sum, CTC and base saturation of the soil analysis results collected in the 10 to 20 cm depth profile did not show interaction with or without the use of the bioactivator (Table 4) , having only soil cover influence.
Observing the values shown in Table 4 , of the calcium contents, the treatments Control and ANTCE were the ones that presented better results, being statistically equal among themselves. The same can be observed for the other parameters (base sum, CTC and base saturation).
For the results of leaf analysis, there was a significant interaction for the nitrogen, potassium, calcium, magnesium, sulfur, boron, iron and manganese contents. The values for zinc were significant only for cover plants, while the phosphorus and copper contents were not significant, as shown in Tables 5 and 6 .
The results of the plant tissue analysis showed that, in relation to the Nitrogen element, without bioactivator the treatments did not differ statistically. On the other hand, with the use of the bioactivator it was verified that the N was lower in the treatments with Oat + turnip, demonstrating that no interaction occurred.
For the potassium nutrient, the interaction of the bioactivator, with a statistical difference, occurred only for the treatment with Brachiaria, and among the cover plants, the lowest statistically found result was with Brachiaria.
In relation to Calcium, the treatments with bioactivator use were higher than Brachiaria without this association.
When considering Magnesium, the best treatments were oats + turnip and oats + turnip + lupine + rye + vetch without bioactivation and oats + turnip using bioactivator. It is also evidenced that the ANTCE was higher without the bioactivation when compared to the same treatment with the use of the bioactivator.
For the data of the Sulfur, the Control and Oat + turnip and oat + turnip + lupine + rye + vetch with bioactivators showed statistical differences. The treatments Oats + turnip and oats + turnip + lupine + rye + vetch and Brachiaria without the use of the bioactivator did not differ among themselves. However, in the control treatment the presence of the bioactivator showed positive response, with higher results than the treatment without bioactivator, however, Brachiaria, the bioactivator had no positive interaction. For the Boron element, in the presence of the bioactivator the control treatment presented higher results than the others, being also superior to the same treatment in the absence of the bioactivator. Regarding iron, in the treatment with bioactivator there was no statistical difference between the different sources of cover in the soil, however, in the absence of the product, the ANTCE treatment was the one that presented the lowest result. Analyzing the interaction, it was verified that the bioactivator had a positive effect when associated with oat and turnip treatments and ANTCE.
In relation to the Manganese, it was observed that the control treatment with bioactivator use was superior to the others, whereas in the absence of the product there was no significant difference between the treatments. Analyzing the effect of the bioactivator, there is a positive effect on the control treatment. Table 7 shows the results obtained with respect to the zinc micronutrient.
Regarding Zinc, only the soil cover was significant, and the treatments oats and turnip and ANTCE cultivated in the coffee interlayer provided higher levels of this micronutrient in the coffee leaves. Table 8 shows the number of internodes developed in the period, coffee production per plant and productivity.
Regarding the number of internodes, in the presence of the bioactivator, all the treatments cultivated with cover plants were superior to the control treatment. Analyzing the interaction, it was verified that the bioactivator had a positive effect when associated with Brachiaria. This data confirms Partelli's (2013) apud Dubberstein et al., (2017) demonstrating that a greater number of internodes comes from the longer productive branches that promote the production of more rosettes, allowing a greater emission of flowering buds leading to a greater quantity of fruits in the plant.
Analyzing coffee productivity, it was verified that the cover treatment with Brachiaria was superior to the others, both in the presence and absence of the bioactivator. Analyzing the interaction, the bioactivator had a positive effect on ANTCE and oat and turnip treatments.
CONCLUSIONS
It was observed that the bioativador promotes effect on soil chemical characteristics, nutrition and productivity of coffee, however, these results were variable according to the cover plant cultivated in the coffee plant.
